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(57)Abstract: 

PURPOSE: To provide a nickel electrode for an alkaline storage battery and an alkaline storage 
battery using this nickel electrode by preventing the electrode from swelling with a long life 
further with charging efficiency excellent at a high temperature. 

CONSTITUTION: Zinc, magnesium and cobalt are contained in a solid solution condition in nickel 
hydroxide powder which is a main active material of a positive electrode, and further this nickel 
hydroxide powder is coated with a compound of zinc, magnesium, lead, indium, silver, copper, 
lanthanum or scandium. A nickel electrode for an alkaline storage battery is combined with an 
alkaline electrolyte of adding 1mol/liter or less lithium hydroxide to this electrode. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nickel electrode for alkaline batteries characterized by having contained zinc, 
magnesium, and cobalt in the state of dissolution to the nickel hydroxide powder which is the main 
active material of a positive electrode, and covering this nickel hydroxide powder with zinc, 
magnesium, lead, an indium, silver, copper, a lanthanum, or the compound of a scandium. 
[Claim 2] The nickel electrode for alkaline batteries according to claim 1 whose content of cobalt 
the shape of particle has the spherical internal pore volume of the aforementioned nickel hydroxide 
powder at 0.1 or less ml/g, and is 5 % of the weight or more. 

[Claim 3] The nickel electrode for alkaline batteries according to claim 1 whose compound which 
covers said nickel hydroxide powder is a hydroxide or an oxide and the amount of covering of whose 
is 1 - 8 % of the weight to nickel hydroxide. 

[Claim 4] A nickel electrode according to claim 1 and one mol/L Alkaline battery characterized by 
using combining the alkali electrolytic solution which added the following lithium hydroxides. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the alkaline battery using the nickel electrode for 
alkaline batteries and this which are used for a nickel cadmium battery, a nickel metal hydride 
battery, etc. 
[0002] 

[Description of the Prior Art] Although the nickel cadmium battery and the nickel metal hydride cell 
are broadly used as pocket power sources, such as a portable electronics device, the actuation 
ambient atmosphere of the cell used in these devices with the formation of small lightweight of 
these devices every year, containing tends to serve as an elevated temperature. For this reason, 
amelioration of the elevated-temperature property of these cells, especially improvement in charging 
efficiency are demanded strongly. Moreover, although these cells attract attention as a power 
source for electric vehicles in recent years, since cell ambient temperature becomes 60-degree-C 
order, the improvement in the charging efficiency at the time of an elevated temperature is 
indispensable [ an operating environment is transit and parking in the flame world, and ]. 
[0003] Conventionally, in order to control the oxygen evolution reaction which competes with 
oxidation reaction of a nickel hydroxide electrode, the decomposition potential of the electrolytic 
solution is raised to improvement in the charging efficiency at the time of the elevated temperature 
of a cell, or raising the oxygen overvoltage of the nickel electrode itself is performed to it. The 
approach of specifically adding a high-concentration lithium hydroxide in the potassium-hydroxide 
water solution which is ** electrolytic solution, the approach of carrying out solid-solution addition 
of the cobalt at the nickel hydroxide which is ** main active material, the approach of covering the 
front face of ** nickel hydroxide with cadmium hydroxide, etc. are performed. 
[0004] However, the approach of ** had a limitation in acquiring the charging efficiency which was 
moreover excellent only in this approach in the elevated-temperature field 40 degrees C or more 
with the fall of increase and a low-temperature high-rate-discharge property, degradation of 
capacity, disappearance of the surface smoothness of an electrical potential difference, etc. in 
resistance of the electrolytic solution. ** Although an approach enables improvement in 
thermophylic ability by carrying out abundant addition of the cobalt, it produces reduction of the 
capacity per unit weight of an active material, the fall of the life by electrode swelling, etc. Moreover, 
although the approach of ** makes oxygen evolution potential ** and raised the oxygen overvoltage, 
cadmium had possibility of it having been eluted in part, having deposited in a negative electrode, 
and producing a short circuit, in the electrolytic solution at the time of elevated-temperature 
charge, and there was a limitation in acquiring the charging efficiency which was excellent in the 
elevated-temperature field 40 degrees C or more only by this approach like **. Thus, there is a 
trouble in the conventional approach and it has fully come to satisfy an above-mentioned demand. 
[0005] 
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[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned 
trouble, and offers the alkaline battery using the nickel electrode for the alkaline batteries which 
were excellent in the charging efficiency at the time of an elevated temperature, without being long 
lasting and decreasing the energy density of an electrode which prevented electrode swelling, and 
this electrode. 
[0006] 

[Means for Solving the Problem] The nickel electrode of this invention as nickel hydroxide powder 
which is the main active material Zinc, magnesium, and cobalt are contained in the state of 
dissolution. A nickel hydroxide particle Zinc, It is characterized by using the powder which carried 
out surface coating with magnesium, lead, an indium, silver, copper, the lanthanum, or the compound 
of a scandium. As for a nickel hydroxide particle, it is desirable for internal pore volume to be a 
spherical gestalt in 0.1 or less ml/g, the cobalt content of nickel hydroxide powder is 5 - 10 % of the 
weight and, as for the amount of covering of said compound, it is desirable that it is 1 - 8 % of the 
weight to nickel hydroxide. Moreover, the alkaline battery of this invention is the above-mentioned 
nickel electrode and one mol/l. It is characterized by consisting of the alkali electrolytic solution 
which added the following lithium hydroxides. 
[0007] 

[Function] The charging efficiency of a nickel electrode improves by controlling the oxygen evolution 
reaction (decomposition reaction of the electrolytic solution) which is a competitive reaction. 
Control of this oxygen evolution reaction is attained by making oxidation potential of a nickel 
hydroxide active material into #*, making oxygen evolution potential more, and enlarging more an 
oxygen overvoltage (difference of oxygen evolution potential and oxidation potential). Solid-solution 
addition of the cobalt to nickel hydroxide has the operation which makes oxidation potential of a 
nickel electrode in proportion to the amount. Moreover, by carrying out solid-solution addition of 
zinc and the magnesium at coincidence, generation of gamma-NiOOH which caused the swelling of a 
nickel electrode is prevented, and reinforcement is made possible. This operation does not exist at 
independent addition of cobalt. Moreover, the fall of the energy density of the electrode by the 
capacity reduction per unit weight of the active material by abundant addition of cobalt becomes 
possible [ preventing by raising the tap density of the powder itself, making internal pore volume of 
nickel hydroxide powder smaller than the powder of the conventional process, and it carrying out 
densification, and using the configuration as spherical ]. 

[0008] On the other hand, although generated also with the zinc which carried out solid-solution 
addition, it becomes possible to make it carry out more effectively of the shift to of oxygen 
evolution potential by covering zinc, magnesium, lead, an indium, silver, copper, a lanthanum, or the 
compound of a scandium on the front face of the nickel hydroxide particle which is the place of an 
oxygen evolution reaction. When this element is zinc, magnesium, lead, a lanthanum, an indium, or a 
scandium, even if the compound covered even if dissolves in part into the electrolytic solution 
especially, it does not deposit as a metal, it deposits in a negative electrode like [ in cadmium 
hydroxide covering of a conventional method ], and may stop producing a short circuit etc. in the 
charge and discharge potential of a cadmium electrode metallurgy group hydride electrode. 
Moreover, it becomes possible to constitute the alkaline battery which was further excellent in the 
charging efficiency at the time of an elevated temperature, and a discharge property with 
combination with the addition to the electrolytic solution of the low-concentration lithium hydroxide 
of the range without degradation of application to the nickel electrode of an active material with the 
high oxygen overvoltage of this invention, the surface smoothness of an electrical potential 
difference, or the discharge property at the time of low temperature. 

[0009] Thus, this invention makes it possible to obtain the pollution-free nickel electrode which 
controlled electrode swelling while it increases notably the potential difference of the oxidation 
potential of a nickel electrode, and oxygen evolution potential and raises the charging efficiency at 
the time of an elevated temperature. 
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[0010] 

[Example] Detail of the example of this invention is given below. Having added the ammonium 
sulfate, having considered as the ammine complex, and controlling alkalinity to pH 11-13, the nickel 
hydroxide powder of this invention was dropped agitating a sodium-hydroxide water solution 
violently, and the water solution which added the specified quantity of a zinc sulfate or magnesium 
sulfate, and cobalt sulfate to the nickel sulfate was made to carry out deposit growth, and it 
produced in it various kinds of nickel hydroxide particles from which the content of zinc, magnesium, 
and cobalt differs. The content of zinc, magnesium, and cobalt was prepared in 0 - 8 % of the weight, 
and 0-10% of the weight of the range, respectively. The internal pore volume of 0.02-0.09ml 
[ g ] /and the gestalt of those which measured the tap density of the obtained nickel hydroxide 
powder with about 2g [ ml ] /and a nitrogen adsorption process was spherical, and was powder high- 
density about 20% as compared with the powder (tap density is 1.6g/ml, and internal pore volume is 
0.14ml/g) produced with the well-known conventional method. 

[001 1] It was immersed in the sodium-hydroxide water solution, and these powder was used as the 
hydroxide, after being immersed in water solutions, such as a zinc sulfate of a constant rate, a 
cadmium sulfate, and a copper sulfate, and the front face of a nickel hydroxide particle was covered. 
Or these powder was decomposed thermally at 125-150 degrees C, and the particle front face was 
used as the oxide. In this way, the nickel hydroxide active material concerning this invention was 
obtained. After mixing 1 cobalt-oxide powder eight to 10% of the weight to the nickel hydroxide 
powder of these various kinds and considering as the shape of a paste with the thickening liquid of 
CMC, the nickel fiber porous body substrate of about 95% of porosity was filled up with the specified 
quantity, desiccation and pressurization of were done, and the nickel electrode of this invention was 
produced. Moreover, the nickel electrode which does not cover the front face of a nickel hydroxide 
particle was made into the example of a comparison. Since densification of the powder itself was 
carried out when the nickel hydroxide powder which carried out dissolution liquid addition of zinc 
and the cobalt at the maximum was used, the energy density of this invention electrode is nickel2 
per unit weight of an active material (OH). The decrement of capacity was offset by increase of a 
fill, and there is no substantial fall and it secured 500 mAh/more than cc. 

[0012] In order to investigate charging efficiency, a potential property, etc. in each temperature of 
these nickel electrode, the open type eel was constituted through the separator by having made the 
cadmium electrode into the partner pole, and charge and discharge were performed in the 
electrolytic solution which made the potassium hydroxide the subject. Charge carried out discharge 
to to 0V to the mercury-oxide reference electrode to 150% with the rate of 0.2C at the rate of 0.1 C. 
The average oxidation potential Vox and oxygen evolution potential Vo2 of a typical nickel electrode 
And the relation of the potential difference eta is shown in drawing 1 . In addition, the potential 
difference eta was made into the standard of an oxygen overvoltage. The potential difference eta 
when charging the nickel electrode using various kinds of above-mentioned nickel hydroxide powder 
at various temperature and the relation of an active material utilization factor are shown in drawing 
2 . An active material utilization factor is correlated with the potential difference eta, and it turns 
out that it increases in proportion to the potential difference eta. That is, that what is necessary is 
just to enlarge the potential difference eta by making oxygen evolution potential into and making 
oxidation potential into **, in order to raise the charging efficiency of a nickel electrode, if the 
potential difference eta in the charge temperature is 20mV or more (on the right of the dotted line 
of drawing 2 ), it turns out that 80% or more of charging efficiency (active material utilization factor) 
becomes possible. 

[0013] Oxidation potential Vox and oxygen evolution potential Vo2 with an ambient temperature of 
20 degrees C when changing the content of the cobalt in nickel hydroxide powder about the 
electrode and the example of a comparison of said this invention It investigated. The relation is 
shown in drawing 3 . The cobalt which carried out solid-solution addition has the operation which 
shifts the oxidation potential of a nickel electrode to **, and it turns out that the potential 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



10/29/2004 



Page 4 of 5 



difference eta increases in proportion to the amount of cobalt. On the other hand, it is the oxygen 
evolution potential Vo2. Although it hardly changed with the amounts of cobalt, it shifted to ** by 
covering the compound of zinc, magnesium, copper, silver, an indium, a lanthanum, lead, or a 
scandium on the front face of nickel hydroxide powder. This covering does not necessarily need to 
be the whole front face, and that amount has 1 - 8 desirable % of the weight to the viewpoint of the 
high-rate-discharge engine performance or energy density to nickel hydroxide powder. 
[0014] Drawing 4 is the example of a comparison which made 0% the content of the cobalt in nickel 
hydroxide powder, and oxidation potential Vox and the oxygen evolution potential Vo2. Change is 
shown. [ in / electrodes / A and B / which were made into% / 5 / and 10% / this invention / the 
charge temperature of 5-60 degrees C ] Moreover, change of the oxygen evolution potential when 
changing the addition of LiOH to the electrolytic solution in the charge temperature of 60 degrees C 
about this invention electrode A is shown in drawing 4 . In the nickel electrode which is a 
semiconductor electrode, although the temperature dependence of the oxidation potential Vox is 
small, in order to shift to ** greatly in connection with a temperature rise, it turns out that the 
potential difference eta became small and the oxygen evolution potential Vo2 has produced decline 
in the charging efficiency in an elevated temperature. Although there is no shift to ** of oxidation 
potential Vox, the 60 degrees C [ of elevated temperatures ] potential difference eta serves as zero 
and it will be in the condition of an oxygen evolution reaction having priority and hardly charging, in 
the example of a comparison since cobalt is not contained In this invention electrodes A and B 
which contained cobalt 5% of the weight or more, and covered the compound of zinc, magnesium, 
lead, silver, copper, a lanthanum, an indium, or a scandium, the potential difference eta 20mV or 
more was acquired in this **, and 80% or more of charging efficiency became possible. 
[0015] Moreover, the spark test was performed, combining this invention electrode and the KOH 
electrolytic solution (specific gravity 1.28-1.30) which added the lithium hydroxide, as shown in 
Table 1. The result is shown in drawing 5 . 
[0016] 
[Table 1] 
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[0017] It became the thing excellent in the charging efficiency further in an elevated temperature so 
that the discharge property of drawing 5 might see. This is because the lithium of the electrolytic 
solution has a shift **** operation for oxygen evolution potential in ** more as shown in drawing 4 . 
It is 1.5 mols/l. conventionally. One mol/l. of the range which does not produce these problems 
among cell I using this invention electrode, RO, and Ha although disappearance of electrical- 
potential-difference surface smoothness, the fall of a low-temperature discharge property, etc. were 
produced since addition of the above high-concentration lithium was needed It turns out that the 
discharge property excellent in cell RO of the following lithium additions is shown, drawing 6 
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becomes the zinc to nickel hydroxide and the solid-solution addition of cobalt, and the cause of 
electrode swelling — low — the relation of the yield of consistency gamma-NiOOH is shown. By 
addition of cobalt, generation of gamma-NiOOH is not controlled but the prevention understands 
that coexistence in the zincky dissolution condition is indispensable for it. In addition, magnesium 
also has equivalent effectiveness. 
[0018] 

[Effect of the Invention] As mentioned above, according to this invention, since the nickel [ which is 
excellent in the charging efficiency at the time of an elevated temperature ] electrode for alkaline 
batteries pollution-free by the high energy consistency long lasting by which electrode swelling was 
prevented, and the alkaline battery using it can be offered, the industrial value is size very much. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical charging curve Fig. of a nickel electrode 

[Drawing 2] The graph which shows the active material utilization factor of a nickel electrode, and 
relation with the potential difference eta 

[Drawing 3] The graph which shows the relation between this invention electrode, the cobalt 
content in the example of a comparison, and charge potential 

[Drawing 4] The temperature variation diagram of this invention electrode, the oxidation potential of 
the example of a comparison, and oxygen evolution potential 

[Drawing 5] The graph which shows change of the charge potential of this invention electrode when 
changing the discharge property of this invention electrode and the example of a comparison, and 
the lithium addition to the electrolytic solution 

[Drawing 6] The graph which shows the yield of gamma-NiOOH accompanying change of the zinc to 
nickel hydroxide, and the content of cobalt 



[Translation done.] 
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